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7KHFXVWRPHUFKDUJHVWKHOLTXLGDWHGGDPDJHVDFFRUGLQJWRWKHUHVXOWVRI(&7IRUWXEHGLQJEHFDXVHLWLVRQHRI
WKH PDLQ IDFWRUV WKDW FDQ UHGXFH WKH OLIH RI QXFOHDU VWHDP JHQHUDWRU 7KHUHIRUH LW LV QHFHVVDU\ WR PRQLWRU WKH
GHIRUPDWLRQRXW RI SODQH URWDWLRQ RI 763 GXULQJ 3:+7 RI VWHDP JHQHUDWRU DQG VRPH NLQG RI FRXQWHUPHDVXUH
VKRXOGEHWDNHQLQFDVHWKDW763URWDWHVRYHUWKHDOORZDEOHOLPLWV
7KLV VWXG\ GHWHUPLQHG DOORZDEOH763 URWDWLRQ DQJOH GXULQJ3:+7RI VWHDPJHQHUDWRU QRW WR FDXVH H[FHVVLYH
SODVWLFGHIRUPDWLRQRQWXEH7XEHGLQJPRFNXSWHVWZDVSHUIRUPHGXVLQJ763DQGWXEHVSHFLPHQVDQGDOVRWXEH
GLQJDQDO\VLVZDVFDUULHGRXW(&7VLJQDOZDVPHDVXUHGWRHYDOXDWHWKHGDPDJHRIWXEH1RQDFFHSWDEOHWXEHGLQJLV
GHILQHGDVGHIRUPDWLRQRIZKLFK(&7VLJQDOH[FHHGV9ROWEHFDXVHWKHFXVWRPHUVUHTXLUHWKDWLWVKRXOGEHORZHU
WKDQ9ROW)URPWKHUHVXOWVRIH[SHULPHQWVDQG)(DQDO\VLVIRUWXEHGLQJWKHUHODWLRQEHWZHHQ(&7VLJQDODQG
763URWDWLRQZDVREWDLQHGDQG763URWDWLRQHTXLYDOHQWWR9ROW(&7VLJQDOZDVSUHGLFWHG
7KH(&7PHWKRGLVZLGHO\XVHGIRUFUDFNGHSWKPHDVXUHPHQWDQGGHWHFWLRQRIFUDFNLQLWLDWLRQDQGFUDFNJURZWK
LQPHWDOV>@(&7LVRQHRIWKHROGHVWPHWKRGVRI1'7EXWLWKDVEHHQGHYHORSHGGXULQJWKHUHFHQW\HDUVDVD
WRRO IRU PLFURVWUXFWXUDO LQVSHFWLRQV %\ FDOLEUDWLQJ WKH (&7 RXWSXWV DQ\ FKDQJH LQ PLFURVWUXFWXUH FRXOG EH
GHWHFWHG>@)RUH[DPSOHWKLVPHWKRGZDVXVHGIRUTXDOLW\FRQWURORIWKHKHDWWUHDWHGSDUWVEDVHGRQWKHLUJUDLQVL]H
>@
([SHULPHQW
2.1. Tube Material 
7KH PDWHULDO RI QXFOHDU VWHDP JHQHUDWRU WXEHV LV ,QFRQHO DOOR\ DQG LWV FKHPLFDO FRPSRVLWLRQ ZW LV
SUHVHQWHGLQ7DEOH
7DEOH&KHPLFDO&RPSRVLWLRQRI,QFRQHO$OOR\ZW
1L &U )H 6L 0Q & 3
 a a   a 
2.2. Test Method 
7XEHGLQJPRFNXSWHVWZDVSHUIRUPHGXVLQJ763DQGWXEHVSHFLPHQV)LJVKRZVWKHH[SHULPHQWDOVHWXSRI
WXEHGLQJWHVW)LUVWO\WXEHVSHFLPHQLVLQVHUWHGLQWRWKHKROHRI763DQGWKHQWXEHIUHHHQGLVSUHVVHGE\SXQFKWR
HDFKGLVSODFHPHQWLQWHUYDO PPPP6HOHFWHGSXQFKGLVSODFHPHQWVZHUHODUJHHQRXJKWRFDXVHWXEHGLQJ
,QWKLVWHVWZHZRXOGSD\DWWHQWLRQWRGLQJGHSWKFDXVHGE\SXQFKGLVSODFHPHQWQRWSXQFKGLVSODFHPHQW$OOWHVWV
DUHFDUULHGRXWWZRWLPHV
7KHUH LV D GLIIHUHQFH EHWZHHQ WHVW DQG VLPXODWLRQ 763 URWDWLRQ GXH WR WKHUPDO GHIRUPDWLRQ PDNHV FRQWDFW
EHWZHHQ763DQGWXEHLQVLPXODWLRQZKLOHPRYHPHQWRIWXEHGXHWRSXQFKGLVSODFHPHQWGRHVLQWKLVWHVW


)LJ([SHULPHQWDO6HWXSRI7XEH'LQJ7HVW
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2.3. Measurements 
'LQJGHSWKZDVPHDVXUHGXVLQJWKHVXUIDFHURXJKQHVVWHVWHUDQGDOVRHGG\FXUUHQWWHVWLQJVLJQDOZDVREWDLQHG
IURPWKHGHIRUPHGWXEHVSHFLPHQV)LJVKRZVWKHSKRWRRIWXEHVSHFLPHQDIWHUWHVWDQG)LJVKRZVWKHUHVXOWVRI
VXUIDFH VFDQQLQJ 7DEOH  VKRZV WKHPHDVXUHPHQW YDOXHV RI GLQJ GHSWK DQG (&7 YROWDJH IRU  GLIIHUHQW SXQFK
GLVSODFHPHQWV)URPWKLVWDEOHWKHUHODWLRQEHWZHHQWXEHGLQJGHSWKDQG(&7VLJQDOZDVGHULYHGDVVKRZQLQ)LJ
:KHQGLQJGHSWKLVEHORZPP(&7YROWDJHLVYHU\VPDOOEHFDXVHGHIRUPDWLRQGXHWRFRQWDFWEHWZHHQWXEH
DQG763LVQRWODUJHHQRXJK6LQFHWKHQ(&7OLQHDUO\LQFUHDVHVDVGLQJGHSWKLQFUHDVHV


)LJ3KRWRRI'HIRUPHG6SHFLPHQ

D6SHFLPHQ,''

E6SHFLPHQ,''
)LJ5HVXOWVRI6XUIDFH6FDQQLQJ
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
)LJ5HODWLRQEHWZHHQ7XEH'LQJ'HSWKDQG(&76LJQDO
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)($QDO\VLV
3.1. Material Properties 
7KHPDWHULDOSURSHUWLHVRI,QFRQHODOOR\DUHSUHVHQWHGLQ7DEOHDQGWUXHVWUHVVVWUDLQFXUYHLVDVVKRZQLQ
)LJ7KLVFXUYHLVREWDLQHGE\H[SHULPHQWDW'RRVDQ¶VPDWHULDOWHVWODE


)LJ6WUHVVVWUDLQ&XUYHIRU,QFRQHO$OOR\
3.2. FE Modeling 
)LJXUHVKRZVWKHVFKHPDWLF LOOXVWUDWLRQRIJHQHUDOVWHDPJHQHUDWRU7KHLQVLGHRI LQWHUPHGLDWHVKHOORIVWHDP
JHQHUDWRU FRQVLVWV RI WXEH EXQGOH DERXW  WKRXVDQG WXEHV DQG VHYHUDO WXEH VXSSRUW SODWHV 0RGHO  LV WKH
LQQHUPRVWWXEHLQWXEHEXQGOHDQGPRGHOWKHRXWPRVWWXEH7KHGLIIHUHQFHVEHWZHHQPRGHODQGDUHWKHVKDSH
RI8WXEHVHFWLRQDQGOHQJWKIURPFRQWDFWSRLQWWRDQWLYLEUDWLRQEDUFRQVWUDLQWSRLQW


)LJ6FKHPDWLF,OOXVWUDWLRQRI*HQHUDO6WHDP*HQHUDWRU
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$WKUHHGLPHQVLRQDOILQLWHHOHPHQWPRGHOLVGHYHORSHGWRVLPXODWHWKHWXEHGLQJDVVKRZQLQ)LJ7XEHQHDU
WKH763ZDVPRGHOHGXVLQJQRGHGOLQHDUVROLGHOHPHQW&'DQGHOHPHQWHGJHOHQJWKDWWKHVXUIDFHFRQWDFWLQJ
ZLWK763LVDERXWPPEXWWXEHRIRWKHUDUHDZDVPRGHOHGXVLQJEHDPHOHPHQW&RQQHFWLRQSRLQWRIVROLGDQG
EHDPZDVPRGHOHGXVLQJ$%$486³GLVWULEXWLQJFRXSOLQJFRQVWUDLQWV´6XUIDFHLQWKHWXEHDQG763ZKLFKFRQWDFWV
ZLWKHDFKRWKHULVGHILQHGDVFRQWDFWVXUIDFHDQGVXUIDFHWRVXUIDFHFRQWDFWFRQGLWLRQZDVHQGRZHGDWWKHLQWHUIDFH


D0RGHO

E0RGHO
)LJ)LQLWH(OHPHQW0RGHO
3.3. Analysis Method & Boundary Conditions 
1XPHULFDO VLPXODWLRQZDV SHUIRUPHG XVLQJ WKH FRPPHUFLDO ILQLWH HOHPHQW FRGH$%$486)RU HDFK FDVH
QRQOLQHDU TXDVLVWDWLF FRQWDFW DQDO\VLV ZLWK HODVWR±SODVWLF WXEH PDWHULDO ZDV FDUULHG RXW 'XH WR WKH V\PPHWULF
FRQGLWLRQòSDUWZDVLQFOXGHGLQWKHPRGHODQGV\PPHWULFFRQGLWLRQZDVLPSRVHGRQWKHV\PPHWULFSODQH
$OO'2)VRIWKHWXEHQRGHDW763ORFDWLRQZHUHFRQVWUDLQHGDQGWKUHHGLVSODFHPHQW'2)VRIQRGHDWWKHDQWL
YLEUDWLRQ EDU ZHUH FRQVWUDLQHG 763ZDVPRGHOHG XVLQJ ULJLG VXUIDFH DQG UHIHUHQFH QRGH RI LW ZDV URWDWHG WR D
FHUWDLQGHJUHHDQGWKHQUHWXUQHGWRWKHRULJLQDOSRVLWLRQ%HFDXVHWXEHZDVPRGHOHGZLWKHODVWRSODVWLFPDWHULDOZH
FDQREVHUYHSODVWLFGHIRUPDWLRQDWWKHHQGRIWKHDQDO\VLV)RUHDFKWZRPRGHOVDUELWUDU\GLIIHUHQW763URWDWLRQ
DQJOHVZHUHVHOHFWHGDQGLWLVODUJHHQRXJKWRFDXVHWXEHGLQJ
3.4. Analysis Results 
)LJXUH VKRZV WKHGHIRUPHG VKDSHRI WXEHPRGHO DW763 URWDWLRQ DQJOH GHJUHHV)LJ VKRZV WKH
YDULDWLRQRIGLQJSDWWHUQIRUGLIIHUHQW763URWDWLRQDQJOHV$QJOHLQWKLVILJXUHUHSUHVHQWV763URWDWLRQDQJOHDIWHU
SRLQWFRQWDFWEHWZHHQWXEHDQG763'LQJGHSWKDFFRUGLQJWR763URWDWLRQLVDVVKRZQLQ)LJ$V763URWDWLRQ
DQJOH LQFUHDVHV GLQJ GHSWK LQFUHDVHV$W WKH VDPH URWDWLRQ DQJOH GLQJ GHSWK RIPRGHO  LV ODUJHU WKDQPRGHO 
EHFDXVHPRGHO  LV LQIHULRU WRPRGHO  LQ WXEH IOH[LELOLW\ ,W GHSHQGV RQ WKH GLVWDQFH IURP DQWLYLEUDWLRQ EDU WR
FRQWDFWSRLQWEHWZHHQWXEHDQG7637KXVWXEHPRGHODOORZVPRUH763URWDWLRQWKDQPRGHO+RZHYHULWVKRXOG
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EHQRWHGWKDWLQSUDFWLFHWXEHGLQJDWWXEHPRGHOLVPRUHIUHTXHQWO\REVHUYHGWKDQPRGHOEHFDXVH763URWDWLRQ
DQJOHDWPRGHOLVPXFKPRUHWKDQPRGHO
)LJ'HIRUPHG6KDSHRI7XEH0RGHODW7635RWDWLRQ$QJOH 'HJUHHV
D E
)LJ'LQJ3DWWHUQRID0RGHOE0RGHO
)LJ'LQJ'HSWKDFFRUGLQJWR7635RWDWLRQ
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 'LVFXVVLRQ
$VPHQWLRQHG DERYH VXUIDFH RI GLQJPRFN XS WHVW VSHFLPHQVZHUH VFDQQHG RI LWV GLQJ GHSWK DQG WKHQ (&7
PHDVXUHPHQWZDVSHUIRUPHGIRUHDFKVSHFLPHQ,Q)LJPPGHSWKRIWXEHLQGLFDWHVDERXW9ROWRI(&7$W
GLQJGHSWK PP(&7VLJQDOKDVWKHPD[LPXPDOORZDEOHYDOXH9ROWDQGLWPHDQVWKDWGLQJGHSWKVKRXOGQRW
EHRYHUPP)LJFRPSDUHVWXEHGHIRUPDWLRQIURPWHVWDQG DQDO\VLV'HVSLWHWKHGLIIHUHQWDSSURDFKEHWZHHQ
WHVWDQGVLPXODWLRQWKH\KDYHVLPLODUSDWWHUQ1DPHO\WKHUHLVDJRRGDJUHHPHQWEHWZHHQWZRFDVHVDQGWKDWPHDQV
DSSURDFKLQWKLVVWXG\LVUHOLDEOH
)LJXUHUHSUHVHQWV WKHUHODWLRQEHWZHHQ(&7VLJQDODQG763URWDWLRQGHULYHGIURPWKH UHVXOWVRIH[SHULPHQW
DQGDQDO\VLV7KH(&7VLJQDOYVGLQJGHSWKFXUYHZDVGHULYHGIURPGLQJWHVWDQGWKHGLQJGHSWKYV763URWDWLRQ
FXUYHZDVDOVRGHULYHGIURPVLPXODWLRQ7KHQ(&7VLJQDOYV763URWDWLRQFXUYHZDVREWDLQHGE\FRQYHUWLQJIURP
WKHGLQJGHSWK LQWR(&7VLJQDO LQGLQJGHSWKYV763URWDWLRQFXUYHXVLQJ OLQHDUH[WUDSRODWLRQPHWKRG)URP WKH
FXVWRPHUV¶ UHTXLUHPHQW WKDW(&7VLJQDO IRU WXEHGLQJVKRXOGEH ORZHU WKDQ9ROWZH UHDVRQHG WKDWDOORZDEOH
763URWDWLRQVRIWXEHPRGHODUHGHJUHHVUHVSHFWLYHO\
)LJ&RPSDULVRQRIWKH'LQJ3DWWHUQEHWZHHQ([SHULPHQWDQG$QDO\VLV
)LJ5HODWLRQEHWZHHQ7635RWDWLRQDQG(&76LJQDO
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&RQFOXVLRQV
8VLQJWXEHVDQGWXEHVXSSRUWSODWHWXEHGLQJPRFNXSWHVWZDVFDUULHGRXWDQGUHODWLRQEHWZHHQ(&7VLJQDODQG
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